Two models are presented for which the full multiparticle S-matrix is unitary at high energies. The production mechanism is based on the multiperipheral model. It is shown that the elastic scattering amplitude contains a new type of cut in the angular momentum plane which is dynamical in origin. This unitarity cut plays a crucial role in enforcing the Froissart bound. The contribution of the multiregge region of phase space to the total cross section is suppressed and decreases as a power of the energy in almost all situations. Inclusive cross sections have been discussed, but only elastic scattering will be treated here.
In order to construct a realistic model of diffraction scattering and particle production at high energies it is necessary to take into account the constraints of multiparticle unitarity.
In this note we discuss two models for which the full multiparticle S-matrix is unitary at high energies. ' The production mechanism is similar to that of the multiperipheral model to the extent that secondary particles are created and destroyed from chains which are in turn exchanged between the high energy primary particles. However, in order for the models to satisfy unitarity, it is essential to take into account diagrams in which the secondaries are produced or destroyed from more than one chain. This means that the elastic scattering amplitude will have contributions from checkerboard diagrams such as the one shown in Fig The most striking new feature of these models is the mechanism by which the Froissart bound is enforced. The sum of the checkerboard graphs, whose presence is required by unitarity', gives rise to a square root branch cut in the angular momentum plane. It should be emphasized that this unitarity cut is dynamical in origin as opposed to the almost kinematical origin of the familiar Mandelstam cuts, which are also present here, and the AFS cuts. The unitarity cut is not present in any individual diagram. It is associated with a divergence in the perturbation series for the S-matrix.
As is well known, the standard multiperipheral and multiregge models do not have the constraints of unitarity built in. As a result, they can give rise to a violation of the Froissart bound by having a regge pole to the right of Q=l. 2 In the present case it is also possible for the ladder graphs to generate a pole to the right of Q=l. However, in our solvable model we find that any pole which passes Q=l is always on an unphysical sheet because it has passed through the unitarity cut. Thus it is not possible to violate the Froissart bound. 3,4
In addition to enforcing this bound, the unitarity cut tends to decrease the importance of the multiregge region of phase space. For most values of the input parameters in our models, the multiregge region yields a small energy decreasing contribution to the total cross section. In our solvable model the leading Q-plane singularity arising from the multiregge region can reach unity only if the input pole is itself greater than one. In this situation the Froissart bound can be saturated.
Let us now turn to the specification of the models to be discussed here. Two types of particles appear in our models. All states contain two nonidentical, spinless '%ucleonP, plus an arbitrary number of identical "pion@. The pions can be created and destroyed, but not the nucleons. As in the eikonal model, it is assumed that the nucleons retain a large fraction of their longitudinal momenta throughout the scattering process. 5 Working in the center -of-mass, we take the S-matrix elements to be a function of Y, the rapidity difference between the nucleons; B, the transverse distance between the nucleons; and qi and yi, the transverse momentum and rapidity of the ith pion. In the eikonal approximation, the S-matrix is diagonal ( in Y and B. Our model is now completely specified by giving the amplitude for the production of n pions off a single chain, W,(Y, B;ql, yl, . . . , qn, yn). By crossing symmetry Wn also describes chains in which some or all of the pions are incoming.
It is convenient to introduce a single operator, Zn, which handles all possible production and absorption processes involving n pions which is regulated by Wn in the following form, (2) N=O ' Let us start by considering a model which is simple enough to be solved exactly.
We take the exchange mechanism between adjacent particles on the chain to be that of a fixed pole, and ignore correlations between transverse momenta. The rapidities are taken to be strongly ordered. Working in the center-of -mass, we then 
Clearly S is diagonal in this coordinate representation. We shall be primarily interested in elastic scattering, so the matrix element of S is needed between states -4-with no pions:
where M22 is the elastic scattering amplitude.
It is instructive to examine M22 in the angular momentum plane7:
where
and C(Q, l3) is an entire function of Q for all values of B provided o < 1-t 2 LA If . For small values of h the branch point is far to the left in the Q-plane. As A is increased the dynamical poles move to the right, but the branch point moves even faster. Each pole eventually collides with the branch point and then moves off onto the unphysical sheet. At A= 2(1-a) the branch point circles the fixed pole and starts to retreat back to the left. Therefore, for A->2(1-a) the branch point is the only singularity on the physical sheet.
The behavior of the cross section as the parameters are varied is now easy to follow. The total cross section is dominated by the dynamical pole arising from the ladder graphs as long as this singularity is on the physical sheet. We thus have
UT(s) -(s/m2)2a!-2+h for h 5 3 2(1-a). On the other hand, for A > i(l-ar) the branch point dominates and we then find O,(S) N (s/m 2 crc-1 [Qn(s/m')]-"'. Thus for )
01 < l+ i h the total cross section always goes to zero at high energies. This includes the case (~=l, which is given above with ac= -h/8. 
d is a real constant whose numerical value is at our disposal. When it is permissible to interchange the order of summation and integration, one recovers Eq. (2).
However, even when this is not possible, one can show by formal manipulation that the S-matrix defined by Eqs. (11) and (12) The point we wish to emphasize is that the mechanism for avoiding violation or saturation of the Froissart bound, discussed in these two rather single models, is
likely to be present in a wide class of models. Unitarity requires that we take into account the checkerboard diagrams of Fig. lb as well as the more familiar ladder diagrams., A simple counting argument then shows that the amplitudes ZN will have poles arbitrarily far to the right in the Q-plane unless the forces between reggeons saturate. It is hard to see how these features could be changed in more sophisticated models that take into account low subenergy effects. Since the S-matrix is explicitly unitary, it cannot have Q-plane singularities in the physical sheet to the right of Q=l.
As a result, it must have branch cuts which are of a different type than those discussed by Mandelstam. 9 In our solvable model we find that if the input trajectory is one or less, the multiregge region of phase space provides a contribution to the total cross section that decreases as a power of the energy. Hence the experimentally observed constant total cross sections must arise from other sources, such as the fragmentation region or the low subenergy pionization region. 2. Analyticity in Q-plane. Dashed poles on unphysical sheet.
